Argo is an internationally coordinated program directed at deploying and maintaining an array of 3000 temperature and salinity profiling floats on a global 3°latitude ϫ 3°longitude grid. Argo floats are deployed from research vessels, merchant ships, and aircraft. After launch they sink to a prescribed pressure level (typically 1000-2000 dbar), where most floats remain for 10 days. The floats then return to the surface, collecting temperature and salinity profiles. At the surface they transmit the data to a satellite and sink again to repeat the cycle. As of 10 August 2006 there are 2489 floats reporting data. The International Argo Data Management Team oversees the development and implementation of the data management protocols of Argo. Two types of data systems are active-real time and delayed mode. The real-time system receives the transmissions from the Argo floats, extracts the data, checks their quality, and makes them available to the users. The objective of the real-time system is to provide Argo profiles to the operational and research community within 24 h of their measurement. This requirement makes it necessary to control the quality of the data automatically. The delayed-mode quality control is directed at a more detailed look at the profiles using statistical methods and scientific review of the data. In this paper, the real-time data processing and quality-control methodology is described in detail. Results of the application of these procedures to Argo profiles are described.
Introduction
Argo is an internationally coordinated activity (see Table 1 for a list of the participating countries) directed at seeding the global ocean with 3000 profiling temperature and salinity floats. With usage, the name has evolved from being an acronym, the Array for Realtime Geostrophic Oceanography (ARGO), to a noun, Argo. Two primary types of float missions have evolved since the initial float design described in Davis et al. (1992) . The original profiling float sinks after launch to a prescribed pressure level, typically 1000 dbar. After a preprogrammed time (typically 10 days) at this pressure, the float returns to the surface, collecting temperature and salinity profiles. On the surface, the float transmits the data to satellites. The data are then forwarded via satellites for analysis. Newer floats can be programmed to drift at and profile to different pressure levels ( Fig. 1 ). For instance, if a scientist's interest is in the flow field at 400 dbar, the float is programmed to drift at this pressure for a prescribed time. Before surfacing, the float sinks to a greater pressure (i.e., 2000 dbar), and then rises to the surface, collecting temperature and salinity profiles. Data are returned ashore as before.
The primary objectives of Argo are to 1) provide a quantitative characterization of upper-ocean properties, 2) use the float observations to improve interpretation of satellite altimetric data, 3) initialize ocean and coupled forecast models, and 4) provide input to other global ocean analyses (Roemmich et al. 1999) . To accomplish these objectives it was recognized early in the program that development of effective data management methodologies must be a major component of the overall Argo program. Thus, an international Argo Data Management Team (IADMT) was formed under the leadership of the International Argo Science Team (IAST) to define procedures to be used by the international Argo community (Table 1 ). The guiding philosophy of Argo is that data are to be free, easily accessible in a timely manner (i.e., for "real time" data within 24 h), and generated using uniform procedures. Thus, the majority of the procedures described in the text are not only employed by the U.S. Argo Data Assembly Center (U.S. DAC) but also by the DACs operated by the other countries listed in Table 1 . However, the U.S. DAC is also testing additional real-time quality-control procedures that were not yet accepted by the IADMT. These procedures will be described as well.
The goal of this paper is to present the data management methodologies for real-time data developed by the IADMT and implemented by the U.S. DAC. In section 2, we will summarize the activities of the U.S. Argo Consortium and the components of the real-time data management program. The details of the real-time data processing are given in section 3. In section 4, we summarize the quality of the Argo data after real-time editing. In the next section, we will describe the value added both to the data and the Argo data management system by the real-time processing. Finally, we conclude with possible enhancements to the real-time system.
The U.S. Argo Consortium and the Global Data Management System
A consortium of academic and government laboratories sponsored by the National Oceanic Partnership Program (NOPP; online at http://www.nopp.org) manages the U.S. component of the Argo project. The consortium is comprised of members who either 1) construct and/or purchase floats; 2) deploy floats; and/or 3) perform the processing, quality control, and distribution of the resulting data. Members of the U.S. consortium and their roles in the project are listed in Table 2 . The consortium has committed to deploying 1500 floats of the final 3000-float array. The spatial distribution of the U.S. array in August 2006 is shown in Fig. 2 . The number of profiles provided by the U.S. float array as a function of year is shown in Fig. 3 . Table 3 lists U.S. float deployments by ocean, year, and 20°latitude band. In the Atlantic, initial deployments were concentrated in the equatorial band and the Northern Hemisphere. In the Pacific, deployments were primarily in the 30°S-10°N band. Indian Ocean deployments at all latitudes began in 2002. The U.S. commitment to global coverage is exemplified by the increase in deployments in the southern oceans beginning in 2002-03.
The U.S. consortium uses mainly two types of floats: the Autonomous Profiling Explorer (APEX) floats are built by Webb Research Corporation and the Sounding Oceanographic Lagrangian Observer (SOLO) floats are built by the Scripps Institution of Oceanography. With respect to data management, the encoding of the data and the quantity of the engineering data provided are the largest differences between the float types. [Details on the engineering aspects of the APEX (SOLO) floats can be found online at http://www.webbresearch. com (http://www.argo.ucsd.edu).] Both manufacturers typically use commercially available conductivitytemperature-depth (CTD) sensors from two companies: Seabird and Falmouth Scientific Instruments. [Details on the various sensors can be found on the companies Web sites (respectively, http://www.seabird.com and http://www.falmouth.com).] The CTD units from Seabird pump seawater through the system of sensors. The pumps are typically turned off at 4-5 dbar to eliminate sensor problems caused by contact with contaminants at the sea surface. The type of float and CTD sensor for a particular measurement are included in the metadata file accompanying the profile.
A schematic diagram showing the flow of data from the float to the user is given in Fig. 4 (details are given in section 3). Two time scales have been defined for Argo data processing: real time and delayed mode. The primary objective of the real-time data processing is to provide salinity and temperature profiles that have undergone some quality control to the operational and research communities within 24 h of collection. The 24-h constraint was requested by the operational agencies that use the Argo data to initialize ocean analyses and climate forecast models.
Delayed-mode data experience more stringent review using statistical procedures and scientific knowledge (i.e., dependent on operator involvement). Two levels of delayed-mode quality control are planned. First, individual float providers use a statistical analysis (e.g., Wong et al. 2003; Böhme and Send 2005) of their profiles to derive offset and drift corrections to pressure, salinity, and (rarely) temperature, if needed. Second, regional DACs (RDAC; see Table 1 for the countries participating in RDAC activities) compare all float data taken in one of seven regions (the North and South Atlantic, North and South Pacific, North and South Indian, and Southern Ocean), independent of float providers, and compare the float profiles to other profiles collected nearby in space and time (e.g., independent float, CTD, XBT profiles). Based on such comparisons, the need for additional corrections can be established once the regional DACs have finalized their methodology. Herein, we will concentrate on the details of the real-time data processing.
Two global DACs (GDACs) have been established to serve as the distribution points for all Argo dataone in the United States and the other in France. The GDACs ensure that uniform data access procedures are available to the user community. The DACs distribute Argo data to the GDACs and the float providers. The DACs also make the Argo profiles available through the Global Telecommunications System (GTS). The distribution through the GDACs is targeted at scientists performing detailed data analysis and interpretation, as well as at operational centers running numerical models. The GTS distribution is primarily targeted at the operational users.
The Atlantic Oceanographic and Meteorological Laboratory (AOML) of the National Oceanic and Atmospheric Administration (NOAA; information online at http://www.aoml.noaa.gov) is a member of the U.S. Argo Consortium and serves as the U.S. DAC for Argo. The U.S. DAC is responsible for the real-time quality control of profiles obtained from floats deployed by members of the U.S. Argo Consortium. As described previously, all real-time DACs use the same methodology developed by the IADMT. The procedures described in this paper apply to the other DACs listed in Table 1 with the following exceptions: 1) a test uses climatology and reanalysis fields (see section 3e) as a tool to identify problematic float profiles and investigates if such a test is suitable as an addition to the automatic Argo quality control; and 2) a visual inspection of profiles that have failed an automatic Argo quality-control test, as performed at the U.S. DAC, is not required by the IADMT, and therefore is not universally implemented.
Processing of real-time data and generation of products for system evaluation
The primary objective of the real-time quality control of Argo profiles is to identify erroneous data prior to insertion in the GTS. Erroneous data are excluded from the profiles submitted to the GTS, but they are flagged and forwarded to the GDACs and float providers. Thus, operational users of the observations who typically receive Argo profiles from the GTS are not overburdened with erroneous data and float providers are alerted to sensor problems in a timely manner. As mentioned above, another objective is to provide the data to the user community within 24 h, 24 h a day, and 7 days a week (commonly called a 24/7 operation). The 24-h time constraint and the requirement for a 24/7 operation necessitate a cursory, rather than detailed, review of the profiles applying automatic qualitycontrol tests before transmission to the global user community. The 24/7 operations for the transmission of U.S. floats to GTS are performed at CLS America, Inc. (http://www.argosinc.com; formerly Service Argos, Inc.), using software developed by AOML. The profiles that pass the automatic Argo tests are immediately for- warded to the GTS for worldwide distribution. As a backup, the same system is also running at AOML (without the automatic transmissions to GTS). This system distributes to the GDACs and float providers, and is used for the visual inspection by an operator at AOML, who can assign new flags to those profiles that fail the automatic Argo tests (see section 3f). The system at AOML can also take over the GTS transmissions, if necessary. For many profiles only a few measurements are bad.
Often these are identified properly by the automatic Argo tests. In other cases the tests may not flag certain erroneous measurements as bad while other good measurements may fail a test. These unwanted outcomes are primarily due to a trade-off between maximizing the amount of detected bad data while minimizing the rejection of good data. More details about quality control and data distribution procedures are given in sections 3d-g. Figure 4 shows the details of the real-time and de- 1612 layed-mode processing system developed in response to the criteria established by the IADMT. A brief description of each step in the real-time processing routine is given in sections 3a-g, followed by a description of the role of AOML in transmitting delayed-mode data to GDACs (section 3h), a summary of the products generated to evaluate the overall performance of the floats and network (section 3i), and, finally, the definition of equivalent Argo floats (section 3j).
a. Metadata
To translate the raw data received from the floats to physical units, calibration and other information are required and given to the U.S. DAC by the float provider. Metadata include information about the float provider, such as name, institution, etc.; the deployment information, such as launch time, launch position, and launch vehicle (i.e., ship or aircraft); the equations and coefficients to convert the data to physical units; the type of float, including manufacturer; and the type of sensors on the floats. The metadata file retains all the identifiers associated with each float, including an internal identifier assigned by AOML and two others provided by the World Meteorological Organization and the satellite service used for the data transmission. Additional information included in the metadata files, with examples, are available in appendix A.
b. Data transmission from float to DAC
The following three types of communications systems have been used to transmit data from the floats to DACs: 1) Argos (http://www.argos-system.org), 2) Iridium (http://www.iridium.com), and 3) Orbcomm (http://www.orbcomm.com). The characteristics of these systems (e.g., data transmission rates, vertical resolution, etc.) and a summary of desired characteristics are given in Roemmich et al. (1999) . Because the majority of U.S. floats use Argos to transmit data, the description of the data processing is limited to that system.
Each float using Argos is equipped with a platform transmitter terminal (PTT). The PTT transmits data at a frequency of 401.650 MHz Ϯ 4 kHz (newer Argos receivers on satellites allow Ϯ25 kHz, and an additional increase is planned to allow two-way communication) to instruments flown on board NOAA Polar Orbiting Environmental Satellites, with a minimum of two satellites being operational at any time. The location of the float is determined from the Doppler effect on the transmitted signal. Position accuracies typically range from 150 to 1000 m, depending, in part, on the position of the satellite relative to the position of the PTT.
The data of a profile (together with data collected during the drift and technical data) are encoded into several data frames for the transmission. Each frame can be up to 32 bytes in length. The number of frames necessary for data transmission depends on the number of pressure levels that were sampled, the precision with which the data are stored, the data compression, and the amount of engineering data. In general, floats that profile to 1000 (2000) dbar provide on the order of 40-50 (70) pressure-temperature-salinity triplets. The lowest pressure of profiles typically is 4-5 dbar. The resolution in the upper several hundred decibars is of the order of 10 dbar, typically increasing to greater pressure intervals near the bottom of the profile. Depending on the float type and mission parameters between 4 and 16 frames are needed to get a full profile, the drift, and the engineering data. A float remains at the surface for 9-24 h to transmit all data multiple times by cycling through the frames. The transmitted frames are received by satellites as they pass over the float (i.e., on current floats the PTTs are not interrogated by the satellites). The received transmissions of a float contain each frame many times, which makes it necessary to identify the best version of each frame for generating the profile (see below). The multiple transmissions of each frame are done to ensure that complete profiles and additional data are received by the orbiting satellites and transmitted to Argos processing centers.
Degradation of the data transmitted by the float can occur during several steps (e.g., the float-to-satellite link, the satellite-to-ground link, and in the actual processing of the data). Thus, most floats calculate a cyclic redundancy check (CRC) value (one byte) from all data bytes (30 or 31, dependent on length of the Argos identification number) in a frame and store it as the first byte of the frame. The CRC value is then recalculated at the DAC. Because unequal CRC values usually indicate the introduction of errors during some portion of the transmission link, their comparison is very helpful for the decoding process.
c. Decoding
By the end of August 2006, U.S. float providers were using primarily APEX and SOLO floats. However, because of different float missions (e.g., some APEX floats have oxygen sensors; some SOLO floats work in a dual-mission mode, and therefore have a variable cycle time; and some SOLO floats use Orbcomm satellites and some APEX floats use Iridium satellites to
transmit data), there are presently 36 different data formats used by U.S. floats. This paper only addresses decoding of data from APEX and SOLO float types that transmit data using Argos.
Within the "real-time processing and distribution" box of Fig. 4 , data from the floats that are received at the processing center go through many processing steps. In this section the focus will be on the first three steps that are needed for the decoding of the data ( Fig.  5 ): 1) sorting the incoming data by float (prv2hex), 2) sorting the data from each float by profiles and changing the format from hexadecimal values to decimal values (hex2cnt), and 3) converting the decimal values into physical units (cnt2phy). Experience has shown that using three programs instead of one (i.e., going directly from DS format to physical units) facilitates the identification of problems. A brief description of each program follows.
In the prv2hex program the data from all floats are received from Argos in the DS (sometimes called PRV) format in large files that contain received transmissions from many floats.
1 The prv2hex program sorts the raw data and stores them in float-specific files (called hexadecimal file) that contain the received transmissions (in a hexadecimal format), time stamps, and satellite information and positions. One line in this file represents either a received transmission or a position provided by Argos. If the hexadecimal file of a float already exists, the new data are appended; therefore, it contains many profiles. Within each hexadecimal file, the data are sorted by time, and duplicate data lines (e.g., lines containing the same received transmission from the same satellite with the same time of reception) are eliminated.
The hex2cnt program identifies the profiles stored in a hexadecimal file through date checks 2 and converts the data to decimal integers (counts) according to the specifications given in the documentation describing the data format used by the float.
3 One counts file is generated for each profile. These files consist of a header and a profile part (their structure is similar to the file shown in appendix B). The header part has two main sections-the first contains float metadata, such as start transmission time, hydrographic data collected during the drift phase (provided by most floats), engineering data, number of levels, etc.; and the second contains the times of the first and last received message (i.e., the approximate time at the surface) and the float positions with times derived during the reception of the data. The profile part contains the actual profile data, such as pressure, temperature, salinity, and oxygen (as counts).
As stated above, a line in the hexadecimal file represents a received transmission or a position provided by Argos. Each transmission cycle associated with a profile results in many lines of hexadecimal data (typically 100 or more, depending on surface time and transmission rate). Each received transmission contains a frame number. Because a float sends and the satellites acquire the same frame many times, the hex2cnt software selects the most likely frame (i.e., the frame of highest quality) for each frame number. If the float transmits CRC values together with the data, then this number is used in the process of selecting the most likely frame as follows. First, it is checked whether one or more received transmissions with the same frame number have matching CRC values. If only one has a matching CRC value, it is used. Otherwise, the software selects the most likely frame from them. If no received transmissions with the same frame number and matching CRC values are found, then the most likely frame is selected from all of them. In both cases, the algorithm used to find the most likely frame with a particular frame number is sorting through the identified subset of the transmissions to detect the one that occurs most frequently.
Because a float often stays on the surface through two or more data collections from Argos, it is possible that the same profile needs to be generated more than once. Sometimes this is the case because higher-quality data transmissions are received or part of the profile was not available initially because one or more frames were missing. Another likely case is that more position information becomes available. If more data come in for a particular profile, the old counts file is replaced with a new one.
The cnt2phy program is used to convert the data in the counts file to physical units using float-specific conversion equations. 4 The result is stored in a physical units file with a structure that is very similar to the structure of the counts file. An example of a physical units file is given in appendix B. When converting counts to physical units, conversion equations and coefficients are needed. The metadata file contains the float's unique coefficients for conversion of the data. 
d. Automatic Argo quality-control tests
To provide data of the large number of Argo floats to operational agencies within 24 h, an initial review of the data has to be performed automatically and independent of any operator involvement. Based partially on previous experience gained in the quality control of expendable bathythermograph temperature profiles, a series of automatic tests was developed. The tests are not only checking for spikes, increasing pressure, unrealistic temperature inversions, etc., but also for the position data while the float is at the surface. Presently, Argo real-time float data undergo 16 automatic Argo quality-control tests (described online at http:// www.coriolis.eu.org//cdc/argo_rfc.htm).
5 A brief description of these tests is given in appendix C.
Approximately 90% of all profiles received at AOML pass all the automatic Argo tests (see section 4). Those that fail a test are not transmitted to GTS immediately (see sections 3f,g about the procedure in these cases), but they are immediately forwarded to the GDACs and float providers with flags that indicate the outcome of the tests. A flag of 1 indicates that all tests were passed, a flag of 2 indicates a questionable but probably good data point, a flag of 3 is assigned to a questionable but probably bad point, and a flag of 4 indicates a bad value. Missing values (if part of the profile was not transmitted by a float) are flagged with a 9. Only flags 1, 4, and 9 are assigned during the automatic quality control unless a sensor of a float was put on the gray list (see section 3f) with a different flag value. Most frequently the latter occurs for older floats with a drifting salinity sensor and requires a flag of 3. As will be described in section 3g, it is not possible to include flags on GTS messages because of the present format used to transmit profile data.
e. Climatological and NCEP reanalysis tests
During the application of the automatic Argo quality-control tests at the U.S. DAC, the temperature and salinity profiles are also compared to the monthly mean profiles from the World Ocean Atlas 2001 (WOA01; Conkright et al. 2002) and to weekly fields from an ocean reanalysis model run at NOAA/National Centers for Environmental Prediction (NCEP; D. Behringer 2005, personal communication). Standard deviations from WOA01 are also used for these tests. For a measurement to be considered as potentially wrong it has to deviate by more than 10 standard deviations from the mean for both tests (climatology and reanalysis). Because neither test is included in the official real-time methodology endorsed by the IADMT, profiles that 5 A visual quality control is also on the list. It is not mandatory to perform this test in real time. fail one or both tests are automatically transmitted on the GTS. The tests were implemented at the U.S. DAC to test their effectiveness in identifying erroneous profiles that were not flagged by the automatic Argo quality-control tests. If these new tests are effective, an argument could then be made for their inclusion in the officially accepted real-time protocol. The profiles that failed both tests undergo visual quality control as described in section 3f. In addition, as will be described in section 4, the comparison with NCEP model results was introduced with the ultimate goal of determining the effectiveness of the assimilation schemes used in the forecast models. Because a measurement that passed the automatic Argo tests must fail both comparisons to be considered bad, this will be called a statistical test hereinafter. The statistical test has demonstrated its usefulness in identifying bad profiles that were not flagged by the automatic Argo tests. For example, incorrect metadata for the conversion from counts to physical values could be used (e.g., for a newly deployed float). Profiles from such a float could pass all the automatic Argo tests although the data are not correct. However, profiles from such a float would consistently fail the statistical test. Several cases like this occurred and were identified after the visual inspection described in the next section. As a result, the incorrect coefficients were found and corrected. A reviewer of this manuscript suggested that a careful review of the first few profiles can be used as an approach to identify such floats. However, this approach cannot be used to identify problems that may occur later in the float life and are currently unknown. One example is that the statistical test and subsequent visual inspection were also able to identify floats that started to produce "frozen profiles," which are characterized by the same profile being transmitted by a float during every surface cycle. Such cases were first detected with the statistical test, mainly due to the absence of a seasonal cycle. An automatic real-time test has been developed by AOML and has been implemented by the IADMT to identify this problem faster. Float and sensor design is not static, and as new models of both are introduced it can be expected that new sources of errors will be introduced into the data stream. Thus, for the immediate future AOML will continue to apply this nonstandard (i.e., not on the official IADMT list of real-time Argo quality-control tests) statistical test.
f. Visual quality control
Presently at the U.S. DAC, those profiles that failed any of the automatic Argo tests undergo visual review by an operator. This review is not a requirement of the real-time protocols established by the IADMT. Rather, it was implemented to determine whether automatic Argo tests were excessively flagging good measurements as bad or letting too many bad measurements pass as good, to motivate modifications to automatic Argo tests for which problems were detected, and to determine whether additional tests were necessary to catch problems that could not be detected by any of the existing tests.
The visual quality control is performed with graphical software that allows an operator to 1) compare the Argo profiles to climatological profiles from the same month and position, 2) compare the profile with previous profiles from the same float via a waterfall plot, and 3) generate a temperature-salinity diagram with superimposed isopycnals to test for hydrostatic stability. The operator can revise the flags assigned to a measurement with the suite of automatic Argo tests. Afterward, the visual inspection profiles without the erroneous measurements are forwarded to GTS, following IADMT procedures (i.e., sufficient good points exist, see section 3g). This is typically done within 36-72 h of the measurement of a profile (i.e., AOML is not operating on a 24/7 schedule). The entire profiles with revised flags are resubmitted to the GDACs and provided to the principal investigators (PIs) as described in section 3d. The concept of a gray list has been introduced into the Argo data stream to reduce the need to perform a visual quality control of profiles from some floats. After approval by the float provider, those floats that consistently generate erroneous profiles are placed on the gray list. Data from gray-listed floats are not distributed through GTS but are forwarded to the GDACs and PIs with the appropriate flags.
The objectives of the visual quality control have been, and continue to be, met. For instance, the specific examples of the identification of incorrect coefficients and frozen profiles are described in the previous section. However, to reduce the workload changes to the way the decision to perform a visual quality control of a profile is made are currently being discussed. One idea is that the decision could be based on how many data points in a profile failed a test, and this requirement could be made test dependent. For example, a profile with only one spike could bypass the visual quality control, while a single failure of the gradient test could be required to go through visual quality control.
g. Transmission of real-time data from DACs to GTS, GDACs, and float providers
The data processing is done twice a day, which means that a set of profiles that successfully pass the automatic
Argo tests are made available through GTS twice daily. In addition, those that passed the visual quality control are transmitted to GTS, typically within 36-72 h (as described above and in section 4). Some profiles are incomplete because a float surfaced shortly before the data processing started. In this case, the system waits for the next data-processing phase (12 h later). If the float does not provide a complete profile (this can, e.g., be due to bad weather at the location of the float), an incomplete profile is forwarded to GTS after 48 h. Only profiles with observations at more than five pressure levels and that reach 50 dbar are transmitted to GTS. The data are transmitted as a Temperature, Salinity, and Current Report (TESAC) message, a format approved by the World Meteorological Organization, which was developed for profile data that include temperature and salinity. This format does not allow for quality-control flags to accompany the observations. If the pressure, or a temperature-salinity pair, is bad the data triplet is excluded in the TESAC message. If the temperature or the salinity failed the QC, the bad value is excluded. The GDACs are the sanctioned distribution sites for all the international Argo float data and the locations from which data users can access the Argo observations, because the DACs do not serve as a provider of data to users. When a new or changed profile from a float is created, the U.S. DAC transmits a trajectory file, with all the positions reported for this float during the time at the surface, a technical file, and a profile file to the GDACs once a day. The profile file contains the values of all measured parameters and the flags resulting from the automatic and visual quality-control procedures. Float providers can retrieve their float data from an AOML Argo ftp site.
h. Forwarding of delayed-mode data to the GDACs
Delayed-mode quality control of Argo profiles has begun, although the procedures have not been completely finalized. After receiving the float data from the AOML Argo ftp site, the float providers further quality control the data in delayed mode. Then they return the profiles with the same or revised data and flags and AOML verifies that no errors were introduced into the dataset (e.g., incorrect positions, data values, etc.). Error-free data are forwarded to the GDACs, while feedback on inadvertently introduced errors is sent to the float provider.
i. Products for system evaluation
Products are generated to demonstrate the performance of 1) individual floats, 2) types of floats, and 3) deployment strategies. For individual floats, a trajectory plot and temperature and salinity time series in the form of vertical sections (Fig. 6 ), waterfall plots, and temperature-salinity diagrams (not shown) are generated for each float and placed on the AOML Argo Web site (online at http://www.aoml.noaa.gov/phod/ ARGO//HomePage/home.html). Products that demonstrate performance characteristics include statistics about premature failures, battery power, and sensor performance to identify and remedy any systematic problems with a specific float/sensor. For example, Fig.  7 shows how the battery voltage of several floats of the same type changes from profile to profile. In this case, most floats experience a gradual decrease of the voltage, while some experience a quite rapid decrease after about 60 profiles or more.
Analyzing early failures of floats can help detect problems. For example, 2% (6%) of the floats deployed in 2000 never transmit data (stop reporting within 22 days of deployment). In all other years these percentages do not exceed 1% (3%). When taking the deployment method into account and ignoring the deployment year it is found that the percentages of floats that stop reporting within 22 days after deployment are 2% for aircraft, 1% for research vessels, and 3% for commercial vessels. Overall, the similarity of the float performance for different deployment types indicates that the deployment methods created for airplanes and commercial vessel are working well. An analysis of sensor performance was done by estimating how many measurements provided by a float are bad. Poor performance is defined as 50% or more measurements that do not pass the quality control (including the visual test). The highest percentage of floats with poor sensor performance occurred among those deployed in 2003 (6%). In that year 17 floats of a new type were deployed, and 7 of them had a poor sensor performance.
j. Equivalent Argo floats
There are several groups in the United States that deploy profiling floats but are not funded by NOPP. These groups include the Naval Oceanographic Office of the United States Navy, the University of Hawaii, NOAA/National Data Buoy Center, and the Florida State University. These organizations have contributed the data from their profilers to the Argo program. They provide the appropriate metadata to AOML and the measurements undergo the same real-time procedures as do NOPP-funded floats. The profiles are submitted to the GTS (some by the University of Washington and some by AOML) and GDACs (by AOML) for global access.
Results of real-time quality control of Argo data
The majority of profiles (about 90%) pass the automatic Argo tests (Fig. 8) . Typically, about one-quarter of the profiles that failed an automatic Argo test passed operator inspection (Fig. 9) . Most profiles failed an automatic Argo test because of isolated errors in temperature, salinity, and/or position values, which are removed based on the flags prior to transmission.
In 2002-04 close to 90% of the profiles are transmitted on the GTS within 24 h (Fig. 10) . In 2005 the percentage of data submitted within 24 h is lower (72%), because the increasing amount of incoming data slowed down the first processing step (prv2hex, see section 3c for details about this process), primarily in JuneAugust (in these months the percentage dropped to about 65% for the 24-h time frame). However, optimizations of the data processing system were implemented in August, so that on average 89% of all profiles that passed the automatic Argo quality control were available on GTS within 28 h (i.e., 17% were sent in the interval 24-28 h). To achieve this the files created by prv2hex are now being split into "historical" and "recent" data once a year to reduce the size of the files being used in real-time processing. In mid-2006, the increasing amount of data resulting from the increasing number of floats slowed down the system again. This problem is being dealt with, first by the purchase of a more powerful computer, which is being used for operational data processing since September 2006, and second by investigating additional ways to optimize the processing system.
The impact of the real-time editing on the quality of the Argo profile data transmitted on the GTS is demonstrated by comparing their temperature and salinity values with the climatology (WOA01; Conkright et al. 2002 ). As will be described, the comparison also provides a measure of both the accuracy of the climatology used in the AOML processing and the improvement in float performance with time. The WOA01 climatology provides, on a 1°latitude ϫ 1°longitude grid, monthly mean and standard deviation values of temperature and salinity at standard depths. Because the floats report pressure, a pressure-to-depth conversion was performed before the comparison. This is done based on the method by Saunders and Fofonoff (1976) , which has been revised to adapt to the new equation of state of the ocean derived in 1980. Differences between float temperature (salinity) and climatological values from the appropriate 1°quadrangle were computed for depths greater than 400 m. The deeper depths were selected for review because water mass characteristics FIG. 8 . Outcome of the quality-control tests. Light gray bars represent the number of profiles that passed all the Argo automatic quality-control tests and were immediately forwarded to the GTS and Global Data Assembly Centers. The dark gray bars represent the number of profiles that failed the climatology and analysis test and were immediately forwarded to the GTS. They were also forwarded to the operator performing visual quality control. The black bars represent the number of profiles that failed an automatic Argo quality-control test and were immediately forwarded to the Global Data Assembly Centers. They were forwarded to the operator for visual review. The percentages represent the profiles that passed the automatic Argo quality control, independent of the outcome of the climatology and analysis test. are typically more stable at depth than closer to the surface.
To determine if there are any generic problems with either the climatology and/or float performance as a function of position (e.g., warm tropical versus cold subpolar regions), ensemble averages and standard deviations of differences were computed by grouping profiles into 10-profile increments from all floats within 20°l atitude bands for each ocean (i.e., the first 10 profiles of all floats in a region go into the first group). Incremental averages were computed to determine if there are any problems with a float's performance that can be linked to its time in water. The issue of generic problems in either climatology or float performance is the subject of an ongoing study and will not be addressed in detail in this paper; however, some general comments will be presented. The difference information can also be used to provide a measure of the effects of the automated procedures on the quality of the Argo data. Figure 11 provides an example of the calculations for 600 and 1000 m for a 20°latitude band in the South Pacific Ocean. Overall means of the 10-profile increments of average differences and standard deviations were computed and are also shown. For this particular band mean temperature differences between climatology and float observations before and after automatic quality control are small and equal, suggesting that the climatology is valid for this region. However, there is a 10% (at 600 m) to 20% (at 1000 m) reduction of the mean standard deviation after quality control, caused primarily by the removal of measurements in the early stages of the lifetime of some floats (e.g., the 10-20-profile increment). Later, the impact is smaller, because the floats with sensor problems either stopped operating or stopped providing full depth profiles. It has to be noted that the number of temperature profiles is not reduced much by the quality control (see the value following "# prof" in Fig. 11) ; this is discussed below.
Similarly, the quality control does not have an impact on the mean differences of climatological and float salinities, indicating that the salinity climatology is also robust for this band. The reduction of the mean standard deviation for salinity is much larger than for temperature (70%-80%, instead of no more than 20%). The reduction in the number of profiles (not resolved in the figure) after quality control is 31 in the 1-10-profile range and gradually goes down to 1 in the 51-60-profile range. Some of the profiles are from floats that did not produce many profiles, but in most cases they are from floats that measured bad salinity at the depths shown here for part or all of the available record.
Beyond 60 (80) profiles, no temperature (salinity) profiles are rejected at the two depths by the quality control, indicating that all the floats reaching 80 profiles are performing well (as of December 2005). The quite sharp drop-off in the number of profiles around profile 50 is partly due to the fact that the majority of floats (71%) in the region shown were deployed after March 2004 (i.e., they could only measure up to about 56 profiles through December 2005).
To provide a summary of the statistics for all the 20°b ands by ocean, standard deviations before and after quality control were computed for 600 and 1000 m, using the method described for Fig. 11 . In all oceans the quality control leads to reductions of the standard deviations (Fig. 12) . Before going into details it has to be noted that, based on poor initial performance of some float types, significant improvements were made to these models after 2002. Prior to 2003, the majority of these floats were deployed in the Atlantic and Pacific Oceans (Table 3) where quality control had the greatest impact on the profiles resulting from these floats. The improvement is marked by the dramatic decreases in temperature and salinity standard deviations in these basins (Fig. 12) . The impact of the quality control is largest for the temperature and salinity measurements in the northern and equatorial Atlantic Ocean, followed by the northern Pacific Ocean. Only for the 20°a nd 40°S bins in the Atlantic Ocean, where deployments started later, the standard deviations before quality control have the same characteristics as in the other oceans. Similarly, the majority of the Southern and Indian Ocean floats were deployed after 2002 FIG. 10 . Distribution of elapsed times between observation and transmission to the Global Telecommunications System. The desired elapsed time is less than 24 h. The numbers at the top ends of the bars are percentages.
FIG. 11. Examples of mean differences and standard deviations (black lines with error bars) computed for 10-profile increments between observed values of (upper four panels) temperature T f and (lower four panels) salinity S f , and the corresponding values from the WOA01 climatology T c and S c (Conkright et al. 2002) at 600 and 1000 m. Data (left) before and (right) after quality control. The example is computed from all floats located in a 20°latitude band in the South Pacific (30°-10°S, 145°E-70°W). The ensemble averages of the 10-profile increment mean differences (mean) and standard deviations (std) are given in the upper-right corner of each panel. The gray lines indicate the number of profiles that contribute to each estimate. The number behind # prof indicates the number of eliminated profiles.
( Table 3 ). The small changes in means and standard deviations before and after quality control (Fig. 12 ) in these areas are representative of the improvements in float performance.
The impact of the quality control on the standard deviations for salinity is typically larger than the impact on those for temperature. This can be explained by the fact that temperature sensors are more stable than sa- FIG. 12 . Summary of all the average standard deviations by ocean and 20°intervals (Fig. 11 shows estimates for one latitude band in the Pacific) for (left) temperature T and (right) salinity S . In addition the standard deviation from the WOA01 climatology (Conkright et al. 2002) is shown. The ocean boundaries are 145°E-70°W for the Pacific, 70°W-20°E for the Atlantic, and 20°-145°E for the Indian Ocean. The inset legend in the middle right panel is valid for all panels. QC ϭ quality control. linity sensors. The latter can suffer from biofouling, which reduces their accuracy over time. This was a particular problem with earlier floats with SeaBird conductivity sensors, although the sensors were treated with antifouling. An improvement of the stability of the conductivity cells was achieved by switching to a different antifouling compound on the sensors. Another factor that can deteriorate conductivity cells is contaminants at the surface of the ocean that can damage the sensors. For CTD systems that use pumps this deterioration is reduced by stopping the sampling a couple of meters below the surface.
The WOA01 climatology (Conkright et al. 2002 ) also provides standard deviations for temperature and salinity on their 1°grid. These values are averaged for each 20°band by ocean and are also given in Fig. 12 to provide a measure of the historical variability. In all cases, the average standard deviations after quality control are closer to the historical variability than the values before quality control. In some regions the standard deviations after quality control are significantly larger than those from the WOA01 climatology. This indicates that some regions may be more variable than the climatology suggests. Examples are the temperature at 600 and 1000 m in the North Atlantic, at 40°S in the Indian Ocean, and at 1000 m in the North Pacific, and the salinity at 600 m at 40°S in the Indian Ocean. This points toward both the great potential of Argo profiles for the derivation of an improved climatology and the variability around the mean state.
Value added to Argo data and data management methodology by real-time processing
The users of Argo data can be divided into two general classes: those that do basic research and those that do operations. The first group typically prefers data that have gone through a quality control but not necessarily within a 24-h time constraint. The second group generally performs their own quality control before using the data to initialize climate models or ocean analyses, for example. They do require data in a more timely manner than their research counterparts to meet operational schedules.
Because real-time Argo data will be replaced by data that have undergone the more stringent delayed-mode quality-control procedures only after some 6-12 months (details are being developed), the real-time quality control performed by the DACs will provide an edited dataset for those researchers that require data in less than 6-12 months. Receiving the data from the GDACs rather than the GTS will also provide them with flags to evaluate the quality of the data.
In many cases the automatic Argo tests provide significant benefits for the research user due to the flagging of erroneous data, as described previously in section 3d. Often, the additional visual quality control performed at AOML provides valuable information by revising some of the flags (section 3f). This information is used in the generation of the data files for distribution via GTS. In other cases, results from a combined climatology and reanalysis test (section 3e) are used for instituting a visual review of a profile (section 3f). Because profiles in this category already went to GTS, this revised flagging is only available at the GDACs.
The operator review resulted in identification of several floats whose profiles passed all automatic Argo tests but whose data were erroneous. As described above, sometimes the cause for the bad data could be identified and corrective action could be taken. In other cases the data from a float sensor was considered bad enough to put it on the gray list (e.g., sensor drift and frozen profile cases). To summarize, the real-time quality control 1) adds value for research users who require data in less than 6-12 months and 2) can identify problems and potentially solve them quickly. Figure 9 shows that during most years, approximately one-quarter of the profiles that failed the automatic Argo quality control passed the visual quality control, and therefore were suitable for GTS transmission without exclusion of any measurements. Others could be sent to GTS after corrective action, as described in sections 3f and 3g. Thus, the operator's review of the data increases the information available to the operational and research users of the profiles. Finally, as described above and summarized in the next section, many products that help evaluate the health of the entire Argo system (individual floats, types of floats, types of sensors, etc.) were developed during the real-time quality control and will be presented to the IADMT for consideration as a requirement for information to be provided by either the DACs, the GDACs, or the Argo Information Center.
Future directions
The following list of future improvements to the realtime data processing methodology is a result of the experience gained by AOML and other DACs in applying the original tools designed for this operation. Several of the items in this list are being reviewed by the IADMT.
• Replace the present format used for TESAC messages to Binary Universal Form for the Representa- • Increase the interaction between the DACs and operational and research users of the Argo data to obtain their input on how to improve the real-time data processing methodology. tas-Nunez and Dr. Carlisle Thacker are gratefully acknowledged. The Argo project is funded under the National Oceanographic Partnership Program in fulfilling its strategic goal to Achieve and Sustain an Integrated Ocean Observing System (IOOS). This research was carried out in part under the auspices of the Cooperative Institute for Marine and Atmospheric Studies, a joint institute of the University of Miami and the National Oceanic and Atmospheric Administration, Cooperative Agreement NA67RJ0149. We gratefully appreciate the comments of the reviewers. These comments improved the text and also provided ideas on how to improve the real-time quality-control process.
APPENDIX A

Example of a Metadata File
The left-hand column lists the requirements, and the right-hand column gives, as an example, the contents from a completed metadata file. 
